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We derive the ac spin-Hall conductivity sH ! of two-dimensional spin-orbit coupled systems interacting with dispersionless phonons of frequency !0 . For the linear Rashba model, we show that the electron-phonon contribution to the spin-vertex corrections breaks the universality of sH ! at low frequencies and provides a nontrivial renormalization of the interband resonance. On the contrary, in a generalized Rashba model for which the spin-vertex contributions are absent, the coupling to the phonons enters only through the self-energy, leaving the low-frequency behavior of sH ! unaffected by the electron-phonon interaction. DOI: 10.1103/PhysRevLett.97.066601



PACS numbers: 72.25.b, 72.10.Di, 72.20.Dp



The recent prediction of intrinsic spin currents generated by applied electric fields in semiconductors with spin-orbit (SO) interaction [1,2] has attracted intensive research on the subject [3,4] encouraged also by potential applications in spintronic-based devices. In such systems, the spin-Hall S S conductivity sH  Jy z =Ex , where Jy z is a spin Sz polarized current in the y direction and Ex is the electric field directed along x, arises from the SO-dependent band structure which, for clean systems, leads, for example, to sH  e=8 for a two-dimensional (2D) electron system with Rashba SO coupling [2] or to sH  3e=8 for a 2D hole semiconductor [5,6]. Of special interest for both applied and fundamental research is the role played by scattering events which have been shown to modify in an essential way the clean limit results. The most drastic effects are found in the 2D linear Rashba model, where sH reduces to zero for arbitrarily weak impurity scattering [7–11], while the universal value sH !  e=8 is recovered for finite values of the ac field frequency ! in the range 1 < ! <  [8,10], where 1 is the impurity scattering rate and  is the spinorbit energy splitting. On the contrary, in 2D hole systems with weak (short-ranged) impurity scattering, sH ! remains equal to 3e=8 for 0  ! <  [5,6,12], while it becomes dependent on the impurity potential if this has long-range character [13,14]. So far, the study of scattering effects on the spin-Hall conductivity has been restricted to the case in which the source of scattering is the coupling of the charge carriers to some elastic impurity potential. This leaves aside the contributions from inelastic scattering such those provided by the electron-phonon (e-ph) interaction which, in the materials of interest for the spin-Hall effect, ranges from the weak-coupling limit in GaAs [15] to the strong-coupling regime in Bi(100) [16]. 0031-9007=06=97(6)=066601(4)



Because of its dynamic and inelastic character, the e-ph interaction may affect the spin-Hall response in a way drastically different from static elastic impurity scattering, questioning the general validity of the commonly accepted forms of sH ! summarized above. Furthermore, the issue of the vertex corrections, which are responsible for the vanishing of sH !  0 in the impure 2D linear Rashba model [7,9–11,17], acquires a new importance, since these should be altered by the e-ph interaction. In this Letter, we report on our results on the spin-Hall conductivity sH ! for 2D systems with SO interaction coupled with dispersionless phonons of frequency !0 . For a linear Rashba model, we show that, in the frequency range 1 < !   (with  < !0 ) where the universal value e=8 has been predicted, the e-ph contribution to the vertex corrections reduces sH ! to the nonuniversal value e=81  =2 , where  is the e-ph coupling constant. Furthermore, we find that the e-ph spin-vertex contributions renormalize also the interband transitions and provide a further reduction of sH ! for ! > !0 . On the contrary, in a 2D generalized Rashba model, for which the spin-vertex contributions are absent, the e-ph interaction provides only a trivial self-energy correction to the interband transition, leaving the low-frequency part of sH ! basically unaltered. We consider the e-ph interaction as given by the Holstein Hamiltonian generalized to include SO coupling: X X H  k cyk ck  k   cyk ck k;
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where cyk and ayq (ck and aq ) are the creation (annihilation) operators for an electron with momentum k  kx ; ky  and spin index   " , # and for a phonon with
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wave number q. k  @2 k2 =2m is the electron dispersion, !0 is the phonon frequency, and g is a momentumindependent e-ph interaction (Holstein model). The use of a Holstein coupling permits one to focus solely on the retardation and inelastic effects of phonons, disentangling the study from possible momentum dependences of the e-ph interaction. Furthermore, the Holstein coupling is partially justified, for example, by the results on surface states [16] and by the reduced momentum dependence, compared to 3D electron gases, of 2D electrons coupled to bulk polar optical phonons [15]. In the following, we shall also include the P coupling to a short-ranged impurity potential Vr  Vimp i r  Ri , where Ri are the random positions of the impurity scatterers. Let us start by considering a linear Rashba model, for which the SO vector potential is k  k sin ; cos , where is the SO coupling and is the polar angle. The electron Green’s function of the interacting system is 1 X ^ k  Gs k; i!n ; (2) Gk; i!n   1  s 2 s1 ^ k   cos ; sin  where  and Gs k; i!n   s i!n  Ek    i!n  1 is the Green’s function in the helicity basis with dispersion Esk  @2 k  sk0 2 =2m. k0  m =@2 is the SO wave number,  is the chemical potential, and !n  2n  1T is the fermionic Matsubara frequency at temperature T. Because of the momentum independence of g and Vimp , the self-energy i!n  is independent of k and reduces to X Wi!n  i!n0  X Z dk kG k; i!n0 ; i!n   T 2N0 2 s s n0 (3) where N0  direction and



m=2@2



Wi!n  i!n0  
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is the density of states per spin



n;n0 !20  ; 2T i!n  i!n0   !20



(4)



2 N is the impurity scattering rate where 1  2ni Vimp 0 and   2g2 N0 =!0 is the e-ph coupling. In writing Eqs. (3) and (4), we have employed the self-consistent Born approximation for both impurity and e-ph scatterings. The equations defining the spin-Hall conductivity are obtained from the Kubo formula applied to the e-ph problem. Hence, the spin-current –charge-current correlation function is e@2 X T i!l ; i!n B1 i!l ; i!n ; (5) Ki m   i 4m n



where m  2mT is a bosonic Matsubara frequency, !l  !n  m , and Z dk X k2 sGs k; i!l Gs k; i!n : (6) B1 i!l ; i!n   2 s
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All integrations over the momenta k appearing in the above equations can be performed analytically, while the selfconsistent equations (3) and (7) are solved numerically by iteration in the Matsubara frequency space. Finally, the (complex) spin-Hall conductivity K R ! (10) ! is obtained from the retarded function K R ! K!  i extracted from Ki m  [Eq. (5)] by applying the Pade´ method of numerical analytical continuation. Although our numerical calculations can be applied to arbitrary values of =EF , where EF is the Fermi energy and   2 kF is the SO splitting, the following discussion will be restricted to the weak SO coupling limit =EF  1, common to many materials, for which some analytical results can be obtained. In our calculations we have used T  0:01!0 (or T  0:001!0 for the case shown in Fig. 2), which is representative of the zero temperature case. We start our analysis by considering first the case !0 >  for which, as discussed below, the e-ph effects enter mainly through the real parts of the self-energy and of the vertex function. In Fig. 1, we show the real and imaginary parts of the spin-Hall conductivity for !0  1:5 and   0, 0.5, 1.0 and for weak impurity scattering 1=  0:05. In the absence of e-ph interaction (  0), we recover the known results [8,10] characterized by the strong interband transitions at !   and by the vanishing of sH ! as ! ! 0. Furthermore, in the intermediate-frequency region 1= < !  , ResH ! is almost !-independent and matches the universal value e=8. This is better displayed in Fig. 2(a) where the low-frequency behavior is plotted for 1=  0:005. Upon enhancing , two new features emerge. Namely, the frequency of the interband transitions get shifted at a lower (-dependent) value, and, as also shown in Fig. 2(a), the intermediate-frequency real spin-Hall conductivity deviates from e=8, indicating that universality breaks down when   0. The origin of these features can be understood from the analysis of Eqs. (5) and (7). In fact, at zero temperature and for =EF  1, the retarded function K R ! reduces to [18] sH !  i



K R ! 



The vertex function  appearing in Eq. (5) satisfies the following self-consistent equation: 066601-2
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spin-Hall conductivity becomes sH ! ’ e=8!. We recover, therefore, the vanishing of sH ! for ! ! 0, while, contrary to the   0 case, we find that sH ! is approximately equal to the nonuniversal constant e=81  =2 for 1= < !  . The breakdown of universality at intermediate frequency reported in Figs. 1(a) and 2(a) stems therefore from the e-ph contribution to the spin-vertex correction which, from Eqs. (7)–(9), governs the intraband contributions to sH !. A more refined calculation which takes into account also the interband transitions leads to:
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FIG. 1 (color online). (a) Real and (b) imaginary parts of the spin-Hall conductivity for !0 >  obtained from the numerical analytical continuation of Eqs. (5)–(10) (thick lines). The analytical formula (12) is plotted with thin lines and is almost indistinguishable from the numerical results. The peaks of p  ImsH ! are centered at !=  1  =2=1  .



where     i. For ! < !0 , the integration appearing in (11) restricts the   ! and  variables to j  !j < !0 and jj < !0 , for which the self-energy on the real axis can be well approximated by x   Rex  i=2, where x   and x    !. In this way, the quite lengthy integral equation for   !;  , which can be derived from Eq. (7) by following the method of analytic continuation described in Ref. [18], reduces to a simple !-dependent algebraic equation. Its solution for !=  1 is ! ’ !=1  =2!  i=2 , and, since B1 ! is a constant for !=  1, the low-frequency
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FIG. 2 (color online). Low-frequency behavior of sH ! (a) for !0 >  and (b) for !0  . The thick lines are the numerical results, while the thin lines are Eq. (12). In (a), they are barely distinguishable.
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which is valid for ! < !0 and arbitrary != (for =EF  1). For   0, Eq. (12) is identical to the formula already published in Refs. [8,10]. Instead, for  > 0 we recover the intermediate-frequency nonuniversal behavior discussed above together with an e-ph renormalization effect to the interband transitions, which now occur at a frequency !   , where p 1  =2   (13)   1 for 1=  1. When compared with the numerical results of Figs. 1 and 2(a), Eq. (12) is in excellent agreement for all frequencies lower than !0 . As a matter of fact, Eq. (12) is in very good agreement with the numerical results also for ! > !0 as long as !0 > , while, for !0 < , the ! dependence of sH ! starts to be affected by the imaginary contributions of the e-ph self-energy and of the vertex function. These effects are visible in Fig. 2(b), where we compare the numerical results for !0  0:05 (thick lines) with Eq. (12) (thin lines). The deviation of ResH ! from e=81  =2 for ! * !0 stems from intraband transitions mediated by the phonons which, in analogy to the low temperature optical conductivity of the Holstein e-ph model [19,20], ensure conservation of energy and momentum. At higher frequencies, the real part of the e-ph self-energy goes to zero as !20 =! for large !=!0 , and the interband transitions occur at the unrenormalized frequency !  . Having established that the nonuniversality of sH ! at intermediate frequencies and the nontrivial renormalization (13) have their origin in the e-ph contributions to the spin-vertex correction, we now turn to evaluate the e-ph effects when the spin-vertex corrections are absent. To investigate this point, we have considered a 2D generalized Rashba model where the SO interaction is of the form k  kN  sinN ; cosN  [14]. For N  1, the linear Rashba model discussed above is recovered, while for N  3 this model describes a 2D hole gas subjected to an asymmetric confining potential. Because of the angular dependence of k for N  1, the vertex corrections are absent [6], and the correlation function Ki m  is simply given by Eq. (5) with i!l ; i!n   1 and with the pre-
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tibility k ! [11] and directly relate the poles of sH ! with the time evolution of the spin polarization Sy t [10], which can be measured by various techniques [21]. We find thus from Eq. (12) that, for   1, Sy t is a function oscillating with frequency  [Eq. (13)] damped by an exponential decay with rate 1=s  1=21  =2 . On the contrary, the decay rate in the   1 limit is independent of the e-ph interaction at T  0 and reduces to the Dyakonov-Perel value 1=s  2 =2 [21]. The hospitality of the Department of Condensed Matter Physics at the University of Geneva is greatly appreciated (F. M.). This work was supported in part by the Natural Sciences and Engineering Research Council of Canada (NSERC), by ICORE (Alberta), by the Canadian Institute for Advanced Research (CIAR), and by the University of Geneva. FIG. 3 (color online). (a) Real part of the spin-Hall conductivity for a generalized Rashba model with N  3. Thick lines are the numerical results, while thin lines are Eq. (14). (b) Lowfrequency region for !0  .



factor multiplied by N. Furthermore, the function B1 i!l ; i!n  is as given in Eq. (6), with dkk2 replaced by dkk1N and with dispersion Esk  @2 k2 =2m  s k3 . Contrary to the linear Rashba model, now all e-ph effects arise solely from the self-energies contained in the interband bubble term B1 . Hence, in the weak SO limit =EF  1, where now   2 k3F , and by using the same approximation scheme as above, for ; ! < !0 the spin-Hall conductivity is easily found to be given by: sH !  



eN 2 : 8 2  1  !  i= 2



(14)



Contrary to Eq. (12), the above expression predicts a lowfrequency behavior unaffected by the e-ph interaction. Namely, sH !  eN=8 for !  . Furthermore, the interband transition frequency is renormalized only by the e-ph self-energy (mass enhancement) factor 1  :   =1  , in contrast with Eq. (13) where the e-ph contribution to the spin-vertex corrections contributes p with a factor 1  =2. This behavior is confirmed by our numerical results for N  3 reported in Fig. 3(a) (thick lines), which fully agree with Eq. (14) (thin lines). Furthermore, as shown in Fig. 3(b) for !0  0:05 and 1=  0:005, for ! * !0 we find a weak deviation from Eq. (14) due solely to the imaginary part of the self-energy, in contrast to Fig. 2(b) where the spin-vertex corrections have a much stronger effect. Before concluding, it is worth discussing how our results can be obtained experimentally. In particular, for the 2D linear Rashba model we can make use of the equivalence between sH ! and the longitudinal in-plane spin suscep-



[1] S. Murakami, N. Nagaosa, and S.-C. Zhang, Science 301, 1348 (2003). [2] J. Sinova, D. Culcer, Q. Niu, N. A. Sinitsyn, T. Jungwirth, and A. H. MacDonald, Phys. Rev. Lett. 92, 126603 (2004). [3] J. Schliemann, Int. J. Mod. Phys. B 20, 1015 (2006). [4] H.-A. Engel, E. I. Rashba, and B. I. Halperin, cond-mat/ 0603306. [5] J. Schliemann and D. Loss, Phys. Rev. B 71, 085308 (2005). [6] B. A. Bernevig and S.-C. Zhang, Phys. Rev. Lett. 95, 016801 (2005). [7] J.-I. Inoue, G. E. W. Bauer, and L. W. Molenkamp, Phys. Rev. B 70, 041303(R) (2004). [8] E. G. Mishchenko, A. V. Shytov, and B. I. Halperin, Phys. Rev. Lett. 93, 226602 (2004). [9] R. Raimondi and P. Schwab, Phys. Rev. B 71, 033311 (2005). [10] O. Chalaev and D. Loss, Phys. Rev. B 71, 245318 (2005). [11] O. V. Dimitrova, Phys. Rev. B 71, 245327 (2005). [12] K. Nomura, J. Sinova, N. A. Sinitsyn, and A. H. MacDonald, Phys. Rev. B 72, 165316 (2005). [13] A. V. Shytov, E. G. Mishchenko, H.-A. Engel, and B. I. Halperin, Phys. Rev. B 73, 075316 (2006). [14] A. Khaetskii, Phys. Rev. B 73, 115323 (2006). [15] B. A. Mason and S. Das Sarma, Phys. Rev. B 35, 3890 (1987). [16] J. E. Gayone, S. V. Hoffmann, Z. Li, and Ph. Hofmann, Phys. Rev. Lett. 91, 127601 (2003). [17] P. L. Krotkov and S. Das Sarma, Phys. Rev. B 73, 195307 (2006). [18] G. D. Mahan, Many-Particle Physics (Plenum, New York, 1981). [19] N. E. Bickers, D. J. Scalapino, R. T. Collins, and Z. Schlesinger, Phys. Rev. B 42, 67 (1990). [20] F. Marsiglio and J. P. Carbotte, Aust. J. Phys. 50, 975 (1997); Aust. J. Phys. 50, 1011 (1997). [21] I. Zˇutic´, J. Fabian, and S. Das Sarma, Rev. Mod. Phys. 76, 323 (2004).



066601-4



























[image: Magnetism in systems of exchange coupled nanograins]
Magnetism in systems of exchange coupled nanograins












[image: Magnetism in systems of exchange coupled nanograins]
Magnetism in systems of exchange coupled nanograins












[image: Magnetism in systems of exchange coupled nanograins - Springer Link]
Magnetism in systems of exchange coupled nanograins - Springer Link












[image: Cluster synchrony in systems of coupled phase ...]
Cluster synchrony in systems of coupled phase ...












[image: Synchronization of two coupled self-excited systems ...]
Synchronization of two coupled self-excited systems ...












[image: DC Conductivity and Dielectric Properties in Silver ... - Semantic Scholar]
DC Conductivity and Dielectric Properties in Silver ... - Semantic Scholar












[image: Generalized synchronization in linearly coupled time ... - CMA.FCT]
Generalized synchronization in linearly coupled time ... - CMA.FCT












[image: Spin-catalyzed hopping conductivity in disordered strongly interacting ...]
Spin-catalyzed hopping conductivity in disordered strongly interacting ...












[image: Spin-catalyzed hopping conductivity in disordered strongly interacting ...]
Spin-catalyzed hopping conductivity in disordered strongly interacting ...












[image: Anisotropic lattice thermal conductivity in chiral ...]
Anisotropic lattice thermal conductivity in chiral ...












[image: Spatial and temporal variations in streambed hydraulic conductivity ...]
Spatial and temporal variations in streambed hydraulic conductivity ...












[image: Calculation of Equivalent Hydraulic Conductivity as ...]
Calculation of Equivalent Hydraulic Conductivity as ...












[image: thermal conductivity pdf]
thermal conductivity pdf












[image: DC Conductivity and Dielectric Properties in Silver ... - Semantic Scholar]
DC Conductivity and Dielectric Properties in Silver ... - Semantic Scholar












[image: Hydraulic Conductivity as Influenced by Stoniness in ...]
Hydraulic Conductivity as Influenced by Stoniness in ...












[image: Particle precipitation influence in the conductivity of the ...]
Particle precipitation influence in the conductivity of the ...












[image: Stretched-exponential relaxation in arrays of coupled ...]
Stretched-exponential relaxation in arrays of coupled ...












[image: Amplitude death: The emergence of stationarity in coupled nonlinear ...]
Amplitude death: The emergence of stationarity in coupled nonlinear ...












[image: Synchronization in Electrically Coupled Neural Networks]
Synchronization in Electrically Coupled Neural Networks












[image: Predicting Synchrony in Heterogeneous Pulse Coupled ...]
Predicting Synchrony in Heterogeneous Pulse Coupled ...












[image: ILMs in a coupled pendulum array]
ILMs in a coupled pendulum array












[image: Stretched-exponential relaxation in arrays of coupled ... - CiteSeerX]
Stretched-exponential relaxation in arrays of coupled ... - CiteSeerX















Spin-Hall Conductivity in Electron-Phonon Coupled Systems






Aug 7, 2006 - regime in Bi(100) [16]. Because of its dynamic and inelastic character, the e-ph interaction may affect the spin-Hall response in a way drastically ... 






 Download PDF 



















 398KB Sizes
 15 Downloads
 300 Views








 Report























Recommend Documents







[image: alt]





Magnetism in systems of exchange coupled nanograins 

plane, zâˆ’ neighbours in plane i âˆ’ 1 and z+ neighbours in ..... cent study on Nd2Fe14B/Î±-Fe nanocomposite materials,. Lewis and ... Such domain wall widths are ...














[image: alt]





Magnetism in systems of exchange coupled nanograins 

magnets [1] or ultra soft FeBSiCu alloys [2], which ... The molecular field Bi acting on atom i is ex- ... The (Âµi)T 's and Bi's can be calculated self-consistently.














[image: alt]





Magnetism in systems of exchange coupled nanograins - Springer Link 

Societ`a Italiana di Fisica. Springer-Verlag 2001. Magnetism in systems of exchange coupled nanograins. N.H. Hai1,2,a, N.M. Dempsey1, and D. Givord1.














[image: alt]





Cluster synchrony in systems of coupled phase ... 

Sep 16, 2011 - Cluster synchrony in systems of coupled phase oscillators with higher-order coupling. Per Sebastian Skardal,1,* Edward Ott,2 and Juan G. Restrepo1. 1Department of Applied Mathematics, University of Colorado at Boulder, Colorado 80309, 














[image: alt]





Synchronization of two coupled self-excited systems ... 

(Received 10 March 2007; accepted 24 June 2007; published online 12 September ... self-excited systems modeled by the multi-limit cycles van der Pol oscillators ...... ings of the International Conference on Acoustic, Speech and Signal Pro-.














[image: alt]





DC Conductivity and Dielectric Properties in Silver ... - Semantic Scholar 

Sep 28, 2009 - theory of the influence of dipoles on the dielectric constant in solution25 and the Fisher- ...... DSM wishes to thank Eugene Kotomin, Radha Banhatti, Eugene Heifets and Rotraut. Merkle for helpful discussions. JM would like to dedicat














[image: alt]





Generalized synchronization in linearly coupled time ... - CMA.FCT 

an array of fully connected coupled oscillators ([12]). The purpose of ... m. âˆ‘ j=1. Di,j = 0,. (2). (this is the case studied in [12]). In this conditions the subspace.














[image: alt]





Spin-catalyzed hopping conductivity in disordered strongly interacting ... 

Mar 31, 2016 - the electron-electron interactions are strong, the spin and charge velocities are widely .... hopping conductivity can be tested in both cold-atom.














[image: alt]





Spin-catalyzed hopping conductivity in disordered strongly interacting ... 

Mar 31, 2016 - waves, which propagate at different velocitiesâ€”a phe- nomenon known as â€œspin-charge separationâ€� [2]. When the electron-electron interactions ...














[image: alt]





Anisotropic lattice thermal conductivity in chiral ... 

VC 2015 AIP Publishing LLC. .... them with room temperature neutron scattering data.25,26 .... tal data28 includes contributions from the electronic thermal.














[image: alt]





Spatial and temporal variations in streambed hydraulic conductivity ... 

We used these data to assess changes in streambed hydraulic conductivity with time, as a function ... as sediment was deposited on the streambed during low flow conditions. ... orheic exchange, a process that influences the quantity and qual-.














[image: alt]





Calculation of Equivalent Hydraulic Conductivity as ... 

theory, describing flow in an unconfined system bounded by a free surface. The ..... Groundwater Flow Simulation Codes (UNIX, VAX-OPEN VMS, PCWindows.














[image: alt]





thermal conductivity pdf 

Whoops! There was a problem loading more pages. Retrying... Whoops! There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. thermal conductivity pdf. thermal conduc














[image: alt]





DC Conductivity and Dielectric Properties in Silver ... - Semantic Scholar 

Sep 28, 2009 - pair theory for liquid electrolytes in the restricted primitive model (RPM) to the solid case. As DHL generally ... the context of solid-state defect modeling; the idea of comparing them to the lattice simulations is to ..... the side 














[image: alt]





Hydraulic Conductivity as Influenced by Stoniness in ... 

and the constant-head soil core method; note that we use the .... rated hydraulic conductivity of the contact material exceeded that of the measured hydraulic ...














[image: alt]





Particle precipitation influence in the conductivity of the ... 

In this work it is analysed the influence of the precipitating electrons on the auroral ionosphere conductivity during magnetic storms. It is shown that the ...














[image: alt]





Stretched-exponential relaxation in arrays of coupled ... 

system of coupled classical rotators cooled at its bound- aries are presented in ... tion equal to the square root of twice the energy density. E(0)/N. The resulting ...














[image: alt]





Amplitude death: The emergence of stationarity in coupled nonlinear ... 

Sep 14, 2012 - system effectively becomes dissipative and the dynamics is attracted to the origin. Transient trajectories are shown in Fig. 10(b). The loss of energy has been ... (dashed-red line) of individual oscillators and their energy difference














[image: alt]





Synchronization in Electrically Coupled Neural Networks 

Department of Electrical and Computer Engineering, ... cessing occurs in real nervous systems. ... of network dynamics is the choice of neural coupling [1].














[image: alt]





Predicting Synchrony in Heterogeneous Pulse Coupled ... 

cal systems such as the plate tectonics in earthquakes, pacemaker ..... Epub ahead of print (2009). ... nization, a universal concept in non-linear science (Cam-.














[image: alt]





ILMs in a coupled pendulum array 

Dec 19, 2007 - systems and has been firmly established as a conceptual entity on par with .... The MI develops as the pendulums are driven first at resonance ...














[image: alt]





Stretched-exponential relaxation in arrays of coupled ... - CiteSeerX 

by the emergence of localized vibrations like solitons or kinks (see e.g. [3]). Of special interest is the role of a recently discovered class of spatially localized, time ...


























×
Report Spin-Hall Conductivity in Electron-Phonon Coupled Systems





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















